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A B S T R A C T
Hsp are highly conserved cytoprotective proteins which have been repeatedly portrayed at elevated
levels in various infectious diseases, and there are suggestions that the presence of infectious agents may
possibly be the root cause of Hsp induction. As organisms age the vulnerability to illnesses such as
infection and inﬂammation increases and late complications due to infectious agents are mostly
observed in the older part of the population. Although it is well known that environmental conditions
can modulate the susceptibility to infection, and that poor nutritional status can increase the risk of
contracting infection when exposed to an infectious agent, the effects of environmental conditions and
nutritional status on the heat shock response have not been investigated. Therefore, we studied the heat
shock response in a special elderly population living in a remote area in Cameroon, where infection and
parasitosis are endemic. Our results indicate a signiﬁcant increase in Hsp70 serum levels with increasing
degree of inﬂammation. We found negative correlations between Hsp70 levels and micronutrients
including vitamin D, vitamin B12, as well as folate, which could be linked to the immune modulating
effects of these vitamins.
 2011 Elsevier Ireland Ltd. 
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Hsp are primarily known as intracellular cytoprotective
proteins, which are highly conserved from species to species.
Under normal physiological conditions, Hsp exist at low levels,
but their concentrations can increase many folds in response to
a plethora of stress signals including various disease states,
oxidative stress, toxic stress, and other environmental chal-
lenges (De Maio, 1995; Minowada and Welch, 1995). Elevated
levels of Hsp70 have been reported in several commonly
encountered chronic disease conditions, such as autoimmunity
(Deguchi and Kishimoto, 1990; Heufelder et al., 1992),
infections and parasitosis (Moseley, 1998; Polla et al., 1998;
Kimura et al., 2004; Njemini et al., 2005b, 2007a,b). For most
humans, infectious and parasitic diseases are probably the most
important inducers of Hsp that will be encountered in a life
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Open access under the Elsevier OA license.While the precise function of Hsp may vary according to speciﬁc
Hsp, and depend on the context in which they are studied, all Hsp
appear to mediate protection in response to cellular stress. Hsp
participate in refolding of proteins (Georgopoulos and Welch,
1993; Welch, 1993a), transportation of proteins (Chirico et al.,
1988; Moseley, 1998; De Maio, 1999), hormonal responses (Sigal
et al., 2001; Yu et al., 2007) and the targeting of damaged proteins
for degradation (Doong et al., 2003). In the context of infections,
there are indications that Hsp may participate in pathogen
clearance (Forsdyke, 1985) by promoting the presentation of
pathogen-derived peptides (Srivastava, 2002; Pockley, 2003).
Different mechanisms have been proposed to explain the
association between infections and the induction of the heat shock
response. Infection exposes host cells to a range of potentially
damaging stress stimuli, including extreme pH, reactive oxygen
metabolites and degradative enzymes (Stewart and Young, 2004),
all of which have been demonstrated to foster the transcription of
heat shock genes and the synthesis of Hsp in several host systems
(Fincato et al., 1991; Monahan et al., 2001; Haranaga et al., 2003).
In addition, infection leads to the secretion of inﬂammatory
substances such as interleukin (IL)-1, IL-2, IL-6, tumor necrosis
factor-a (TNF-a), interferon-g (IFN-g) and C-reactive protein
(CRP) (Flohe et al., 1999). These cytokines can activate diverse
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(Salotra et al., 1995; Nakano et al., 1996).
In many developing countries the population continues to be
exposed to various bacterial and parasitic infections. This results
from environmental causes such as poor sanitation, insufﬁcient
access to clean water, malnutrition, and particularly to a poor
understanding of transmission and treatment of disease. Many
conditions such as hepatitis, malaria and various parasitic diseases
affect populations primarily or almost exclusively in developing
countries (Mets et al., 1993). Late complications due to infectious
agents now account for a very substantial proportion of the burden
of disease in many developing countries, and are mainly observed
in the older part of the population (Mets, 1993).
Despite the clear involvement of various Hsp in infectious
processes, remarkably scant reports (Abd el All et al., 1998) have
been made on these proteins in relation to infection in a developing
country context. In line with current observations it can be
expected that persistent immune challenges will accelerate the
synthesis of Hsp in populations experiencing lifelong exposure to
infections. For this reason we sought to investigate the heat shock
response in an elderly Cameroonian population living in a remote
area where infection and parasitosis are endemic. Previously, we
found a clear relationship between circulating Hsp70 and various
inﬂammatory parameters (Njemini et al., 2003a,b, 2004). Here, we
also explored the link with nutritional parameters, since several of
them are known to inﬂuence the organism’s capacity to engage in
inﬂammatory and immunological reactions (Tamura et al., 1999;
Stio et al., 2002). Taken together, our results indicate a signiﬁcant
increase in Hsp70 serum levels with increasing degree of
inﬂammation. We found negative correlations between Hsp70
levels and micronutrients including vitamin D, vitamin B12, as well
as folate, which could be linked to the immune modulating effects
of these vitamins.
2. Participants and methods
In order to study the disease burden of the elderly population in
a low income, sub-Saharan region, a census was organized in the
Ntam health area, situated in the predominantly rural southwest
province of Cameroon, followed by a systematic enrolment of all
inhabitants 60 years of age or older. The study was approved by the
ethical committee of the University of Yaounde´ 1, Cameroon. All
participants gave their informed consent.
2.1. Participants
For the present sub-study, 56 women (aged between 60 and 80
years, mean age 66.4  5.4 years (S.D.) and 81 men (aged between 60
and 86 years, mean age 67.2  6.5 years participated. The medical
histories, current medical and functional statuses of all the participants
were obtained by questioning the participants and by physical
examination. Most of the participants were involved in activities
which resulted in daily exposure to sun for long periods. In addition, the
study region was endemic for infectious and parasitic diseases which
reﬂect the health status of its inhabitants (Ford et al., 2007). Table 1
provides details of the characteristics of the participants.
2.2. Methods
Venous blood was obtained after overnight fasting. After
separation from blood cells, serum was aliquoted and stored at
20 8C. Anticoagulated venous blood was used for the white blood
cell (WBC) enumeration counts (using counter chambers), and for
the determination of erythrocyte sedimentation rate (ESR,
Westergren). CRP was quantiﬁed by immunonephelometry using
the N high sensitivity CRP kit obtained from Dade Behring(Marburg GmbH, Germany). Values <4 mg/l were considered
normal.
2.2.1. Sandwich ELISA for detection of Hsp70
The monoclonal antibody directed against Hsp70 (clone c92f3a-
5, spa-810) was purchased from Stressgen (Victoria, Canada). This
antibody, as reported by the manufacturer, is speciﬁc for the
inducible form of Hsp70 and does not cross-react with the
constitutive heat shock cognate 70 (Hsc70) or dnak from bacterial
origin.
Hsp70 in serum was detected as previously described (Njemini
et al., 2005a). Brieﬂy, plates were coated with the primary
antibody (100 ml; 5 mg/ml) diluted in 0.1 M carbonate buffer
(pH = 9.6). After overnight incubation at 4 8C, the coated plates
were washed six times with phosphate buffered saline (PBS)
containing 0.1% Tween-20 (PBS/T) and non-speciﬁc binding sites
blocked by incubation with 300 ml of PBS/T containing 1% bovine
serum albumin (BSA) (PBS/T/BSA) for 2 h at 37 8C on a shaker.
After washing, 100 ml of the reference preparation or serum were
added and the plates incubated for 2 h at 37 8C on a shaker. Plates
were washed six times and 100 ml of rabbit polyclonal anti-Hsp70
(1/400) diluted in PBS/T containing 4% mouse serum was added.
After 1 h on shaker at 37 8C, plates were washed and incubated
with 100 ml of an anti-rabbit immunoglobulin peroxidase
conjugate in PBS/T/BSA (1/10,000) for 1h on shaker at 37 8C.
Plates were then washed and 200 ml of o-phenylenediamine
dihydrochloride (OPD) substrate was added. After 45 min on
shaker and at 37 8C, the reaction was stopped with 50 ml of
sulphuric acid (1 N H2SO4) and the absorbance determined at
490 nm with background subtraction at 620 nm using a micro-
plate reader (Ceres 900C, Bio-Tec Instruments, Inc., Belgium).
Hsp70 concentrations in serum were detected by comparing
sample absorbance with the absorbance of a reference puriﬁed
human recombinant Hsp70 protein.
The serum levels of 25-OH-vitamin-D were determined using
the 25 hydroxyvitamin D125I RIA Kit (Diasorin Inc., Stillwater, USA;
normal values: 16–74 mg/l). Vitamin B12 and folate were deter-
mined with the Simultrac Radioassay Kit (Becton Dickinson
Immunodiagnostics, USA; normal values: 0.22–0.94 mg/l and
2.0–14.0 mg/l for vitamin B12 and folate, respectively). The serum
levels of parathyroid hormone (PTH) were determined using the N-
tact PTH Irma Kit (Diasorin Inc, Stillwater, USA; normal values 15–
65 ng/l). Calcium was measured in serum by the o-cresolphthalein
complexone method (Bio Phase Diagnostics Laboratory, Ontario,
CA; normal values 8.6–9.8 mg/dl).
Antimalarial antibody concentration was determined in the
clinical laboratory of the Institute of Tropical Medicine (Antwerp,
Belgium) as reported elsewhere (Njemini et al., 2002). Antimalar-
ial antibodies were tested by an indirect immunoﬂuorescence
using antigens from the Institute of Tropical Medicine and an anti-
human immunoglobulin (IgGAM) conjugate. Titers  1/40 were
considered positive. Fresh skin snips, taken from the lower
extremities, as well as fresh blood were screened microscopically
for the presence of ﬁlarial parasites. All reagents were applied
according to manufacturers’ recommendations.
2.3. Statistical analysis
Column statistics (with statistical package prism 3.0) was used
to test the approximation of the population distribution to
normality. Spearman’s rank test was used to examine the
relationship between the serum concentrations of Hsp70 and
the levels of the other parameters. For the comparison of Hsp70
levels between two groups, the nonparametric Mann–Whitney
test was applied. A 2-sided p < 0.05 was considered statistically
signiﬁcant.
Table 1
Description of the general characteristics and data of the participants, mean  S.D. (range).
Women Men All
N 56 81 137
Age (year) 66.4  5.4 (60–80) 67.2  6.5 (60–86) 66.8  6.1 (60–86)
Weight (kg)* 50.6  11.7 (29–83.5) 55.3  9.3 (31–80) 53.4  10.6 (29–83.5)
Height (m)** 1.54  0.08 (1.4–1.8) 1.64  0.07 (1.5–1.8) 1.60  0.09 (1.4–1.8)
BMI (kg/m2) 21.3  4.2 (14.6–35.2) 20.5  2.9 (13.0–26.7) 20.8  3.5 (13.0–35.2)
Hsp70 (mg/ml) 15.0  11.1 (0–47) 16.7  15.7 (0–78) 16.0  13.9 (0–78)
CRP (mg/l) 14.6  28.1 (4.3–168) 22.8  37.0 (3.6–176) 19.1  33.3 (3.6–176)
25-OH-vitamin D (mg/l) 19.8  6.5 (6.2–39.1) 22.3  8.3 (6.4–48.8) 21.3  7.6 (6.2–48.8)
Vitamin B12 (mg/l) 0.45  0.17 (0.17–0.97) 0.49  0.20 (0.21–1.15) 0.47  0.19 (0.17–1.15)
Folate (mg/l) 9.0  5.0 (3.3–29.2) 10.0  5.1 (2.6–27.9) 9.6  5.0 (2.6–29.2)
Calcium (mg/dl) 8.2  1.5 (5.4–11.1) 7.9  1.2 (5.3–11.9) 8.5  1.6 (5.3–11.9)
PTH (ng/l) 30.0  25.5 (8.2–134.6) 32.2  15.0 (12.4–88.8) 35.0  20.2 (8.2–134.6)
Anti-malaria antibody (titer) 3314  6001 (640–20,480) 5294  7876 (640–20,480) 4485  7212 (640–20,480)
ESR** (mm/h) 89.7  32.8 (35–150) 68.7  37.7 (1–137) 77.1  37.2 (1–150)
WBC count (1000/ml) 5.0  2.1 (1.6–12.4) 5.4  2.7 (1.7–21.9) 5.3  2.5 (1.6–21.9)
Filaria positive, n/N (%) 27/54 (51.9) 26/77 (33.8) 54/131 (41.2)
Notes: Differences between female and male; *p < 0.01, **p < 0.001. BMI = body mass index.
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Table 1 summarizes the data for women and men. The Hsp70
serum levels varied between 0 and 47 ng/ml (median 13 ng/ml) in
female and between 0 and 78 ng/ml (median 13 ng/ml) in male.
There were no relationships with gender.
Hsp70 concentrations were found to be dependent on the
degree of inﬂammation, as measured by the circulating CRP levels
(r = 0.172, p = 0.044), as well as by the WBC count (r = 0.266,
p = 0.001). There was no relationship between the serum
concentration of Hsp70 and the ESR.
All participants had high titers of anti-malarial antibodies, and
more than 40% were infected by ﬁlaria. There was no particular link
between the serum concentration of Hsp70 and the titer of anti-
malarial antibodies, or the presence of ﬁlariasis.
Low values for 25-OH-vitamin D, and vitamin B12 serum
concentrations were observed in, respectively, 31 (22.6%), and 2
(1.5%) of the participants; none of the participants had a decreased
value for folic acid.
There was a negative correlation between the serum concen-
tration of Hsp70 and that of vitamin D (r = 0.202, p = 0.018),
vitamin B12 (r = 0.256, p = 0.002), as well as folate (r = 0.175,
p = 0.041)). There was no relationship between the serum levels of
Hsp70 and the serum levels of calcium. Also, no relationship was
found between the serum levels of 25-OH-vitamin D and PTH.
However, a negative relationship was also found between the
serum Hsp70 concentrations and the serum PTH levels (r = 0.272,
p = 0.001).
4. Discussion
During infectious episodes Hsp are induced in both the invading
microorganisms and the host cells, and these Hsp can reach the
peripheral circulation through various mechanisms. Active secre-
tion of Hsp has been documented for a large variety of cells including
human glia derived cells (Guzhova et al., 2001), PBMC (Hunter-Lavin
et al., 2004a), rat embryo cells (Hightower and Guidon, 1989),
vascular smooth muscle cells (Liao et al., 2000), and tumor cells
(Barreto et al., 2003; Evdonin et al., 2004; Wang et al., 2004). On the
other hand, lysis of cells during infection has been reported to
contribute signiﬁcantly to the release of Hsp (Srivastava et al., 1994).
Elevated levels of circulating Hsp have, indeed, been demonstrated
following parvovirus-mediated cell lysis (Moehler et al., 2005).
Therefore, both active secretion and increased cellular lysis, could
contribute to Hsp release during infection.
The results obtained in this study together with previous
reports by our group (Njemini et al., 2003a, 2004) indicate a closerelationship between the serum concentration of Hsp 70 and the
levels of inﬂammatory markers. The serum concentrations of
Hsp70 presented a positive relationship with the serum levels of
CRP and total WBC counts. A similar trend of relationship was
found between these inﬂammatory indices and the intracellular
levels of Hsp70 in non-heat shocked PBMC in our laboratory
(Njemini et al., 2003b). Although the mechanisms by which
inﬂammatory mediators induce Hsp expression are still not
completely clear, evidence suggests signaling through the tran-
scription factors nuclear factor kappaB (NF-kB) (Li and Fang, 2004;
Ramage et al., 2004) and the signal transducer and activator of
transcription (STAT-3) (Zhang et al., 1996; Agrawal et al., 2003).
Also, it has been reported (Nguyen et al., 1986) that the heat shock
consensus sequences are present upstream of the CRP gene,
suggesting that the present results possibly reﬂect transcriptional
control of the CRP gene by the same heat shock transcription
factors that control Hsp genes.
In the present report, there was no relationship between the
ESR and the serum concentration of Hsp70. Although ESR is largely
used to evaluate the inﬂammatory status, elevated levels of ESR
also result from conditions like anemia and quantitative/qualita-
tive changes in plasma proteins, which are common in developing
countries. This multi-factorial dependency of ESR can mask
important relationships.
As part of the evaluation of the nutritional status of the
population, the serum concentrations of several vitamins were
determined. We noticed a remarkably large proportion of subjects
(22.6%) with low 25-OH-vitamin D. This hypovitaminosis D cannot
be due to the lack of sunlight (Webb et al., 1990) since most of the
participants were involved in activities which resulted in daily
exposure to sun for long periods. A plausible explanation for this
observation is the reduced capacity of the skin to produce vitamin
D upon UV exposure after age 60 years (MacLaughlin and Holick,
1985). We found an inverse relationship between the levels of 25-
OH-vitamin D and the serum levels of Hsp70. In the literature only
scant reports are available on the interaction between this vitamin
and members of the Hsp family. In animal models, Losem-
Heinrichs et al. (2004) reported that vitamin D in combination
with estradiol reduces the expression of Hsp32 following cerebral
cortical ischemia in rats. Vitamin D might mitigate the induction of
Hsp through its anti-oxidant activities (Wiseman, 1993; Sardar et
al., 1996). Worth noting is that anti-oxidants have been shown to
reduce cellular stress response with a consequential decrease in
Hsp production (Westman et al., 2000). Vitamin D may also
downregulate Hsp expression by inhibiting certain calcium
channels (Brewer et al., 2001) as well as by upregulating the
levels of glutathione (Garcion et al., 2002). Accordingly,
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several Hsp including Hsp70 (Liu et al., 1996; Park et al., 2007). Our
study also portrayed a negative relationship between vitamin B12
and the serum concentration of Hsp70. Isoda et al. (2008)
examined the hepatoprotective effects of vitamin B12 on dimeth-
ylnitrosamine-induced liver injury in mice and found that
treatment of chronic liver injury with vitamin B12 suppressed
both inﬂammation and the gene expression of Hsp47, another
member of the Hsp family. Further, the activity of glutathione
reductase, which transforms glutathione to its sulfhydryl form,
was demonstrated to be higher in vitamin B12-rich liver compared
to vitamin B12-deﬁcient liver (Biswas and Johnson, 1964). It is
therefore probable that vitamin B12 can interfere with Hsp
production by maintaining glutathione in the reduced sulfhydryl
form (Isoda et al., 2008).
Our data portrayed a negative relationship between the serum
concentrations of Hsp70 and the serum levels of folate. Folate
supplementation has been reported to reduce serum Hsp70 levels in
patients with type 2 diabetes (Hunter-Lavin et al., 2004b). In
addition, supplementation with folic acid has been reported to
increase the plasma total glutathione levels (Arnadottir et al., 2000),
indicating that folate, like vitamin D and vitamin B12 can inﬂuence
the production of Hsp70 by augmenting the level of glutathione.
Because a low vitamin D status will decrease resorption of
calcium, and may induce PTH secretion, we also investigated the
serum levels of calcium and PTH in relation to Hsp70 serum levels.
An up-regulation of intracellular Hsp70 gene transcription caused
by PTH via endogenous PTH receptor was previously shown in LLC-
PK1 renal epithelial cells and in osteoblastic cell lines (Fukayama
et al., 1996). Whether this intracellular increase in Hsp70
transcripts can reﬂect the protein level and, moreover, the
extracellular protein level, as measured in serum, is not known.
In the present study, we found a negative correlation between the
serum levels of Hsp70 and the levels of PTH. It is well known that
PTH acts to increase the concentration of calcium in the blood.
Further, an increased intracellular calcium level caused by
thapsigargin was shown to decrease the protein levels of Hsp70,
in a chondrocytic cell line (Elo et al., 2000), even though, other
authors reported the reverse to be true (Cheng and Benton, 1994).
Thus it is possible that recruitment of calcium by PTH might have a
modulating effect on the production of Hsp70.
Because Hsp70 expressed by invading parasites are potent
antigens that can elicit an immune response including the heat
shock response (Polla, 1991; Kaufmann, 1992; Maresca and
Kobayashi, 1994), and because elevated levels of the Hsp70 family
have been reported in some disease conditions such as parasitosis
and autoimmune diseases (Minota et al., 1988), we investigated the
relationship between the serum concentration of Hsp 70 and the
titer of anti-malarial antibodies. There was no particular link
between the serum concentration of Hsp70 and the presence of anti-
malarial antibodies. Noteworthy, the area where the study was
performed was endemic for malaria and all the participants had very
high titers of the anti-malarial antibodies, obscuring any possible
relationship between the Hsp 70 serum level and exposure to
malaria. A similar situation existed for infestation with ﬁlaria.
Examination of blood smears or skin snips showed that at least half
of the women and a third of the men had ﬁlariasis. This very high
prevalence might have obscured the relationship between the
serum concentration of Hsp70 and the presence of ﬁlariasis.
Although no deﬁnite reference values for Hsp70 serum
concentrations can be put forward, we found clearly higher values
in the present study than observed in a study of Belgian geriatric
patients (an average value of 5.5  4.3 mg/ml) using the same
technique (Njemini et al., 2005a).
In conclusion, our results portray a positive relationship
between Hsp70 and inﬂammatory parameters, possibly reﬂectingtranscriptional control of the inﬂammatory genes by the same heat
shock transcription factors that control Hsp genes. The negative
relationships between Hsp 70 and 25-OH-vitamin D, vitamin B12,
and folic acid serum concentrations are possibly linked to oxidative
stress and deserve further investigation.
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